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nniTl ff» *™ IMaagl^ a recolt toinant or 

The present invention relat * a subun it; all 

isolated integrin Rogues and 

and a eubunit ». the ^'J^f^ 6ubu nit all having 

fra gments of 6 f\ in ;;Xft y Pleases of product 
similar biological act lBOt ^ a encoding the 
same, polynucleotides and 6ame , bind ing 

^, vectors and eel a ^ ^ ^ use o£ 

entities binding specifxcally to 


10 the same 


15 


20 


25 


tne &avuc > 

BA£KfiSQ12J2_OF^lEVS^ corapo8 ed of non-covalent- 
Integrine are heterodimers_ ^connect cells to the 
j a. chains wnicn coiuioww 
ly associated a- and P cha ^ ^ _ 

extracellular «trix^r to the cyto skeleton 

to acting a* mechanical links » signal trans- 

and extracellular ^^^o^-- ^ - 
ducing receptors which influen P erentia tion 
proliferation, cell ^"^J^^aili- based on 

shared P -chains. shared a _ chain8 . Currently 17 

shared structural idcnti fied (S) - Of the 

a-chains and 8 p-chams have been subfandly has 

families with TnUrtn a-chains as.so- 

t he most members. To date, 11 identified and charac- 

ciated with the pi -chain have been 

termed, -1-10 and av (S). rqd ^ fcheir 

Several integrins ^^j^iM^LtH* so 
respective 1*-* CD * 

far, a4-, as-, as-. al» tioM . The ligands 

t hat mediate ^^^^ in the interstitial 
containing MB Major non-RGD dependent 
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Although both collagens and laminins contain the ROD 
sequence in their priory sequences, these RGD sequences 
are cryptic (6-9) and normally not accessible to cells in 
the native proteins, but they may be exposed during 
5 growth and reorganization events of the extracellular 

matrix. , . . 

Another subdivision of integrins can be made base<i 
on structural similarities of the a-chains. A number of 
integrins contain an extracellular I-domain (10,11) which 
10 is homologous to collagen binding A-domains present in 
yon Willebrand factor (12) . The I-domain constitutes an 
inserted domain of approximately 200 amino acids which is 
present in 8 known integrins <al, a2, aio, aL, <*M, aX, aD 
and as) (5,10) . Structural analysis of integrin I-domains 
15 crystallized in the presence of Mg 3 * have revealed the 

presence of a characteristic "MIDAS" (metal ion dependent 
adhesion site) motif, shown to be critical for ligand 
binding (13) . Integrin a-chains containing the I-domain 
are not cleaved into heavy and light chains, although the 
20 rat al chain possesses a proteolytic cleavage site near 
the membrane spanning region (14, IS) . For I-domain inte- 
grins the principal ligand binding sites are found within 
the I-domain (10) . Known ligands for I-domains found 
within the pi integrin subfamily include laminins and 
25 collagens (al»l and a2pl integrins) (16-19). and Echo- 
virus (a2pi integrin) (20) . 

Structure comparisons have suggested that integrins 
fold into a so-called 7-bladed p-propeller structure 
which forms one globular domain with the ligand binding 
30 region on the upper surface (21) . The I-domain is in- 
serted between blade 2 and 3 in this propeller and 
divalent cation binding sites are located on the lower 
surface in blades 4-7 (22,23). Studies of P2 integrins 
have revealed that proper folding of the p 2 -chain is 
35 dependent on the presence of the aL-chain but that the I- 
domain folds independently of other structural elements 
in the a- and P-chains (24) . In integrin a-chains, a leai 
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15 


the predicted (J-pro- 
conserved stalX region * region . T hiB stalX 

^ller from the short ^^^^ con£o rmational 

changes between .he «-* _ in . prot *in interacts- 

g ioas, as well as cell falling event. 

Although integrins taXe p enzy matic ac- 

th e cytoplasmic tail „ J short ™* ^ a ^ity of 

*" STc^S^- tails and has been -~ 
integrin ° alreti culin binding (25) - 

to be important for calre ^acellular matrix 

Cellular interactions wit dyst rophy have 

during muscle formation and in muscu ^ ^ ^ 

reC eived increased i-^^JJd in Drosophila which 

wa6 characterized by the d ^ ^ f . r8fc em „ 

their attachment tJ ^ uaing the embryo, to assume 

br yonic muscle ^^'j^of the -lecular 
a spheroid shape (26) . £ t in 1988 to an 

de fect in the ^ ha \^°f ^ ^ evidence for a role 
20 integrin P -chain ^'^^ ^ nteg rity. More re- 
o£ integrins in maintaining ™\ mUtants ha ve 

cently, refined analysis fJ^^L in „ el . endpoint 
indicated distinct *<*j£t^ {2B) . The Drosophila 

attachments and sarcomere str " and share many fea- 

25 integrins are ^^U^ ^ - « ^ " 
tures with vertebrate inc s 

clus ter into focal contacts (29, ^ ^ rin 

T^e finding that ^'f^™^ in the human 
gene in mouse (30) . - - dystrophy affecting 

30 IT0W gene (3D - both caus ™ indicate6 a striXing 
..Inly muscle attachment point- evolution . Of 

nervation of integr- unct* ^ ^ ^ 

th. 11 ******* °' associated with the p» integrin 
integrin a-chain (32 33) ^ garcolem ma (3*). 
35 chain in the adult ^^^^ me mbrane protein 
Xntriguingly. ^ a ™ r e severe disease than 

laminin a2-chain 13»-J" 
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that observed for the laminin receptor integrin al^ 
(30) . This indicates that other receptorB for laminins 

exist in muscle. 

A novel integrin has recently been' identified on 
5 cultured human fetal muscle cells (38) . The present 
invention is related to, inter alia, the cloning and 
characterization of this novel 1-domain containing, pi- 
associated integrin chain, which is expressed in muscle 
tissues. 

10 ^TWE» V °* T** INVENTION 

The full-length cDNA for this integrin subunit, oil, 
has now been isolated. The open reading frame of the cDMA 
encodes a precursor of 1188 amino acids. The predicted 
mature protein of 1166 amino acids contains 7 conserved 
FG-GAP repeats, an 1-domain with a MIDAS motif, a short 
transmembrane region and a unique cytoplasmic domam of 
24 amino acids containing the sequence GFFRS. all, like 
other I-domain integrins. lacks a dibasic cleavage site 
for generation of a heavy and a light chain, and contains 
three potentional divalent cation binding sites in re- 
peats 5-7. The presence of 22 inserted amino acids in the 
extracellular stalk portion (amino acids 804-826) dis- 
tinguishes the all integrin sequence from other integrin 
a-chains. Amino acid sequence comparisons reveal the 
highest identity of 42* with alO integrin chain. Immuno- 
precipitation with antibodies to all integrin captures a 
145 kD protein, distinctly larger than the 140 kD a2 
integrin chain when analyzed by SDS-PAGE under non- 
reducing conditions. Fluoreseense in situ hybridization 
maps the integrin all gene to chromosome 15q23, in the 
vicinity of an identified locus for Bardet-Biedl syn- 
drome. Based on Northern blotting integrin all mRNA 
levels are high in adult human uterus and in heart, and 
intermediate in skeletal muscle and some other tissues 
3S tested. During in vitro myogenic differentiation, all 
mRNA and protein are up- regulated. Studies of ligand 
binding properties show that ollpl binds collagen type 
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pri8 ing the — -id seance -wn feiological 
Lmologues or fragments thereof 
activity. recombinant integrin sub- 

X process of F"**»* * ™~ sequcnc e shown in SEQ 
unit all comprising the *« in ° thereo£ having 

ID N o. 1. or ^« ft Sh Proceae comprises * 
similar biological activity, 

* te P s of nucleotide comprising a nucleo- 

a) isolating a P?^ l ~^ rln 6Ubun it all. or 
tide seance coding for Biroilar biological 
nomologues or fragments thereof 

activity, expre ssion vector comprising the 

b) constructing an, exp 

isolated polynucleotide ^ eJtpreSSi0 n 

c) transforming ■* hoat-cei 

veCt ° r ' id transformed host cell in a culture 

d) culturing said expression of inte- 

me dium under £ fragments thereof 

t grin subunit all, or ^ . n \ aia transformed 

Lving similar biological activity, 

hoet cell, and, °P ti0na1 ^' eubunit all. or homologues 
e) isolating the integrin subun activity, 

or fragments * * 'culture medium. 
0 from said transformed = integrin subunit all. or 

A process of ^f^^LvIng similar biological 
—^ B '°; subunit is isolated from.a celX *» 

activity, whereby said su 
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nucleotide sequence shown in SBQ ID Mo . or suitable 

PaXta *lZile* poWeotiae or oligonucleotide which 
hybridises to a DNA or RNA encoding an integrin subunit 

s all or homologies or fragments thereof wherein said 

5 ^lynucLtiaTor oligonucleotide fails to hybridise to a 
DMA or RNA encoding an integrin subunit olO, 

A vector comprising a polynucleotide or oligonucleo- 
tide coding for an integrin eubunit all. or homology* or 

10 fragments thereof, which polynucleotide or 

ti de compriaes the nucleotide sequence shown in SEQ ID 
No. l or parts thereof - 

A vector comprising a polynucleotide or oligo- 
nucleotide which hybridises to a DNA or RNA encoding an 

15 integrin subunit all or homologues or fragments thereof , 
wherein said polynucleotide or oligonucleotide fails to 
hybridise to a DNA or RNA encoding an integrin subunit 

a10 ' A cell containing the vector aa defined above. 

20 A cell generated during the process as defined 

above, in which a polynucleotide or oligonucleotide 
coding for an integrin subunit oil, or homologues or 
fragments thereof, which polynucleotide or oligonucleo- 
tide comprises the nucleotide sequence shown in SEQ ID 

2 5 No. 1 or parts thereof, has been stably integrated m the 
cell genome. 

Binding entities having the capability of binding 
specifically to integrin subunit all comprising the amino 
acid sequence of SEQ ID No. 1 or to homologues or frag- 

30 ments thereof, preferably chosen from the group compris- 
ing proteins, peptides, carbohydrates, lipids, natural 
integrin binding ligands, polyclonal and monoclonal anti- 
bodies, and fragments thereof. 

A recombinant or isolated integrin heterodimer com- 

35 prising a subunit all and a subunit p, in which the sub- 
unit all comprises the amino acid sequence shown in SEQ 
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la r biological ^l^l 8 reco ^ ina nt 

A process of P rodu "" S d a Bubunit p, in 

rodimer coding a subunit all an 

which th e subunit all - - therftof , 

shown in SEQ ID No. 1 or homologuee or gm 

which process comprises comprisin g a nucleo- 

tide sequence coding for • 6U " polyn ucleotid« co«- 

heterodimer and, optionally, another > Y» t o£ 

pr ising a nucleotide -^V^t^. or oligo- 
an integrin heterodinver or £tagm ents thereof 

nucleotides coding for homology or tr g 

having similar 0 *' vect0 r comprising aaid 

b) constructing an W"" 1 " subuJlit all op- 

isolated polynucleotide «^ fi ^.. 1<m ve ctor com- 
tionally in combination wit h an sub . 
prising said isolated nuclectxde coding 

unit p, ith said expression 

c) transforming a host ceJ-J. 

vector or vectors, m cu i t ure 

d) clturins «id '"- £ °™ d £ ^"..i- - ** 
n.diu™ und.r conditions «"' We /" 011 and . 

B ubunit all and a subunit p, or n he all 

- =: r r r^r t r.fo^'=- - - 

culture medium. . ,.„ in heterodimer com- 

„ n-rovidinq an integrin w"-" 
A process of proviaing homologues or 

pri.ins . .ununi* » '"ologtc.l ~t£«y. 

35 M»tt th.r.o { h.vino '^J" f.ol.ted ftM1 , cell 
wher.1V «ld InMSxi- h.t.rodin»r i. 
in which it i» >»tur.lly pr..«t. 
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15 


A cell containing a first vector, said first vector 
comprising a polynucleotide or oligonucleotide coding for 
a subunit all of an integrin heterodimer or £ or 
logues or part, thereof having similar biological acm 
5 ty which polynucleotide or oligonucleotide prises the 
nucleotide sequence shown in SEQ ID No. 1 or parts there- 
of, and a second vector, said second vector comprising a 
polynucleotide or oligonucleotide coding for a subunit 0 
of an integrin heterodimer, or for homology, or frag- 

10 ments thereof. 

Binding entities having the capability of binding 
epecifically to the integrin heterodimer comprising a 
subunit alO and a subunit P, or to homologues or frag- 
ments thereof, or a subunit all thereof, having similar 
biological activity. Said subunit P is preferably pi. 

The binding entities are preferably chosen among the 
group comprising proteins, peptides, carbohydrates, 
lipids, natural integrin binding ligands, and fragments 
thereof. 

A fragment of the integrin subunit all. which frag- 
ment is a peptide chosen from the group comprising pep- 
tides of the cytoplasmic domain, the I -domain and the 
extracellular extension region. 

in one embodiment, said fragment is a peptide com- 
prising the amino acid sequence KI^FPRSARRRRBPOLDPTPKVLE . 

In another embodiment, said fragment comprises the 
amino acid sequence from about amino acid No. 804 to 
about amino acid No. 826 of SBQ ID Mo. 1. 

In still another embodiment, said fragment is a 
30 peptide comprising the amino acid sequence from about 
amino acid No- 159 to about amino acid No. 355 of SEQ 

ID No . 1 . J ^ 

A method of producing a fragment of the integrin 
subunit all as defined above, which method comprises a 
35 sequential addition of amino acids containing protective 
groups . 
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ft polynucleotide or "^".t'dta^ 
£r ag*ent of th. in« 3 rin .ubunit rf blndin9 

Binding entitle, having integrlB .ubunit 
. p e=ifi«Uy to- a ..id binding entitle. 

, o1 1 » defined.^.. Pref *^; ing pro t.in., peptide 

carbohydrates, "P 1 "' 

- £rS9Mnt \TfT.In g en 

A process of using id No. 1 or * n 

10 ing th e P a,ino acid -^J^ suLnit 11 - * 

integrin ^^^^TZ^* of -aid integrin or , 

subunit having simile bi 9 ^ expressing said 
or target molecule of celle ^ ^ of 

15 integrin sub-it «l l- "^.^Uecially, " id ' 
animal including human origin. 

i- P 1 - t 8 aid fragment i. a peptide chosen 

!n one embodiment,^ » al * ^ of the cyt opl«mic 

■ from the group <^" 1 *r^ rac . 1 iul.r extension 
20 domain, the I-domam and^the ext 

region. ^ imen t said fragment is a peptide 

in another embodiment, aaia 
comprising the amino acid sequence 

KLOFFRSARRRREPGl-DPTPKVl^. fra gment comprises 

- in rs^s^srs. — — - ~ - 

the »mino acid .e<ju seQ ID No. 1- 

.bout ami™ acid »°-"^ c 8 " lld fragment co^rl.es «• 

In . SBi no .cid ». ». « 

ami no acid * ID i. 

„ about amino ~" ^^fpLess , the c.U. ar. 
in on. embodiment of .« P 

chosen from the 9»up ^ auriBB pathologic! 

specially. '* ldp ~' : *"^ it o11 . said pathological 
condition. i-W- "^l damage of ««*~ 
3S condition, cc-pr^e ^~J™" „ ntitie . having the capa- 
X proc... =f integrin .ubunit all 

billty of binding .pacifically t 
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comprising the amino acid sequence shown in SEQ ID No. 1, 
or an integrin heterodimer comprising said subunit all 
and a subunit P. or to hcmologues or fragments thereof 
having, similar biological activity, as markers or target 
5 molecules of cells or tissues expressing said integrin 
B ubunit all, which cells or tissues are of animal in- 
cluding human origin. Especially, said subunit P is Pi. 

in one embodiment, said fragment is a peptide chosen 
from the group comprising peptides of the cytoplasmic 
0 domain, the I-domain and the spliced domain. 

in another embodiment, said fragment is a peptide 
comprising the amino acid sequence 
KLQFFRSARRRREPGLDPTPKVLE . 

in still another embodiment, said fragment comprises 
L5 the amino acid sequence from about amino acid No. 604 to 
about amino acid No, 826 of SBQ ID No. 1 . 

In a further embodiment, said fragment comprises the 
amino acid sequence from about amino acid No. 159 to 
about amino acid No. 355 of SEQ ID No. 1. 
20 in one embodiment, said process is a process for 

detecting the presence of an integrin subunit all com- 
prising the amino acid sequence shown in SEQ ID No . 1, or 
of an integrin heterodimer comprising said subunit all 
and a subunit p, or of homologues or fragments thereof 
25 having similar biological activity. 

A process for detecting the presence of an integrin 
subunit all, or of a homologue or fragment of said inte- 
grin subunit having similar biological activity, on 
cells, whereby a polynucleotide or oligonucleotide chosen 
30 from the group comprising a polynucleotide or oligo- 
nucleotide shown in SEQ ID No. 1 is used as a marker 
under hybridisation conditions wherein said polynucleo- 
tide or oligonucleotide fails to hybridise to a DNA or 
RNA encoding an integrin subunit alO . Said cells may be 
35 chosen from the group comprising muscle cells. 

in one embodiment, said fragment is a peptide chosen 
from the group comprising peptides of the cytoplasmic 


# 
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region. A4mtmn * said fragment is a peptide 

In another embodiment, saia i 

comprising the amino acid sequence 

5 jo^FFRSARRRREPQ^TPKTUB ■ fra gment comprises 

" ^^^STSit amino acid No. SO, « 
th e amino ac.d £ 8EQ ID No . 1. 

ab out amino acid No . 826 of *EQ ^ ^ & 

1B • further embodiment , sa 1 * lls durirvg 

10 for determining the ^ fciesue rege . 

development, in pathological „ hvtiologl c»l reparation 
n .r,tion or in therapautic ^ rt «^ Said 

o£ ti in r 1Vin9 fr r, . ro^p prising muscle 

cells may be chosen from the gro P 

!S cells. . differentiation-state 

a. process for " 9 '^£1^.! conditions. 

ot cel l. during *^ 1 °^" t ' ^1^= and phyaio- 
ln ti.aue a polynucleotide 

logical reparation. pf^iesu^ e nucleotide 

. ;.f M rin subunit alO. 
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Oligemic J-eotiw - 

encodina an integrin aubun it -0. tide or 

in one embodiment ■ " la * y oli ucl .otide 
oli gonucl.otid. i. • ^^^.V-P 
coding for a peptide chosen from the gr P ^ ^ 

peptidas of the cytoplasmic domain, the 

aTurcher em.odim.nt "-J^^U'ide 
oll9 onucleotid= is a ^ Lid 

coding for a peptide comprising tn 

KLGPPRSARRRREPGUJPTPKVLB. peptide com- 

In a still further ^^^Z^ ^ ». 
pri8 es the amino acid <^ SE ^ D 
804 to about ami^o -acid »r- 826 of SEQ ID N 
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in another embodiment, said peptide comprises th 
amino acid sequence from about amino acid No. 159 to 
about amino acid No. 355 of SEQ ID No. 1. 

in one embodiment, said pathological conditions are 
s any pathological conditions involving the intern sub- . 
unit an. said cell, may be chosen from the group com- 

prising muscle cella. active 

A pharmaceutical composition comprising as ^active 

p ■» .- =» n antibody which is 

ingredient a pharmaceutical agent or an antioooy 

10 capable of using an integrin heterodimer comprising a 

submit ail and a subunit p. or the subunit all thereof, 

or a homologue or fragment of said integrin or Bubunxt 

"l having similar biological activity, as a target mole- 

15 CUle a vaccine comprising as an active ingredient an in- 
tegrin heterodimer comprising a subunit all and a subunit 
p. or the subunit all, thereof, or a homologue or frag- 
. Lt of said integrin or subunit all, or a DNA or RNA 
coding for said integrin subunit all. 

20 I method of using binding entitle, having the capa- 

bility of binding epecificaUy to an integrin subunit all 
compri.ing the amino .=id eeo^nc. .bo™ in SEQ IP ^■ 
or an integrin heterodimer compri.ing .aid subunit all 
,„d a .ubunit P. or to homologue. or fragment, thereof 

25 having .i«il«r biologid activity, for promoting adhe- 

sion of cells. . 

Use of an integrin heterodimer comprising an inte- 
grin subunit all and a subunit P, or the subunit all 
thereof, or a homologue or fragment of said integrin or 
3 0 subunit all having similar biological activity, as a 

target for anti-adhesive drugs or molecules in tissues 
where adhesion impairs the function of the tissue. 

A method of in vitro detecting the presence of 
integrin binding entities, comprising interaction of an 
3 5 integrin heterodimer comprising a subunit all and a 

subunit P , or the subunit all thereof, or a homologue or 
fragment of said integrin or subunit, vith a sample, 
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thereby causing -^^"f^L^iological activity, 
or fragment t*-*«*>£^ ^natural ligand or other 
to adulate the b ^ in9 ^° * ent in «aid sample, 
integrin binding protei-- * con sequences of the 

A method of in vitro integrin compri sing a 

interaction of a human heterodi ^ ^ xeoff 

subunit all and a f^J' Qf gaid integr in or subunit, 
or a homologue or f «^ n ' ~ and the reby initiate a 
with an integrin binding entity 
10 cellular "action- con6equ e»ces of said inter- 

ln one -"-"^ derations in cellular func- 
actions are measured a. alt 

tiCnB ' c -irua a DNA or RNA encoding an integrin 

A method of using a DNA thereof aB a 

15 eubunit all or homology or frag 

target molecule & polynU cleotide 

In one embodiment of this ^ Qr ^ encoding 

or oligonucleotide ^^^^ or fragments there- 
an integrin eubunit all or hom*_ 9 ^ oligOTnlc leotide 
* »„d whereby said polynucleotide or int egrin 
20 of and wnexcajr encoding an xiw.«» 

fails to hybridise to a DNA or 

eubunit alO. position comprising as an active 

A pharmaceutical «^*"~ ^ antibody which is 
ingr edient a pharmaceutical agent ^ ^ ^ ^ 

25 capable of "^^jZtr comprising a subunit 
vation of an ^^J^ subunit all thereof, or a 
ol l and a subunit p, or th ■ ^ eubunit aX1 

homology or fragment * « 
having simil" biological activi y 

CSii^liaEfifi ^biast/myotube cultures were 

The human fetal f rom a thigh muscle of 

derived from^lone .G6 oragM-ting ^ ^ G6 

a 73-day old aborted fetus ' poa tnatal human 

35 hereafter). Cultures Helen 

satellite cells »1. " ^ f as reported earlier 
Stanford University. CK\ . were g 
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( 3S) . Human rhabdomyosarcoma cell lines RD (ATCC Ko^ CCL- 
136) and A204 (ATCC No. CRL-7900) were grown in DMEM 
(Swedieh Agricultural University, Uppsala) supplemented 
with 10% fetal calf serum. 

Total RNA from G6 and XXVI myoblasts, the same cells 
differentiated for 3 or 7 days, and RD and A204 cell 
lines, was isolated using the RNeasy Midi kit <*^««) 
according to the manufacturer's instructions. Poly- A RNA 
0 was extracted from total RNA of G6 and XXVI cells using 
Dynabeads mRNA DIRECT kit (DYNAL A.S., Norway) . 

r m T r-piir- r~ Him — H ™ nf ff11 Br f*; _ 

First strand cDNA was generated from 1 ug of G6 mRNA 
using a reverse transcription PCR-kit (Perkin-Elmexr) . 
L5 Advantage cDNA Polymerase Mix (Clontech) was used in PCR 
amplifications using two different pairs of primers. 
(1) 5' ACG GGA GAC GTG TAC AAG TG 3' (forward) , 5' -AAA 
GTG CTG AAC CTC CAC CC-3' (reverse) and (2) 5 ' - CAC CAT 
CCA CCA GGC TAT GC -3' (forward) , 5 ' -TTA GCG TTC CGT TAT 
20 AAA CA -3' (reverse). The PCR conditions were: 94«C. 4 
lain, ("hot start-); 94-C. 30 s; 55«C, 30 s, and 72-C, 1 
tnin., for 25 cycles. Two products, named PCR1 and PCR2 , 
wer e obtained (figure 1). subcloned into the plasmid 
vector TA (invitrogen) , and sequenced. A single product 
of 1,4 kb in size, named PCR 3 (figure l) , was amplified 
using primers 1 (forward) and 2 (reverse) , and human 
heart Marathon-Ready cDNA (Clontech) as template. Anneal- 
ing temperatures in the applied touch-down program were: 
68*C, 1 min., 5 cycles; 4B-C. 1 mln., B cycles; 60»C 1 
tnin, 25 cycles. Other steps were as described above. 
After the final cycle the reactions were extended for 
additional 7 min. at 72'c followed by a hold step at 4*C. 
To obtain a sequence covering the 5' end, Rapid Amplifx- 
cation of cDNA Ends (RACE) was employed acording to the 
manufacturer's instructions (Marathon cDNA Amplification 
kit, Clontech) using cDNA prepared from G6 mRNA and the 
gane specific antieense primer: S'-CTT GGA GAA CCT GAA 


25 
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carried OUt apply" 

ing ch « -touch-down- P^^ 8 ^ proo uct we. »- 

O— Ph.r»ci. Biotech, «^ ^ det .cc.d. Corre- 
ction probe. On. .pacific .19 kit , ^.n) , 

.ponding CDW w« PUI t"« and . evened (..« tifl™- l > • 
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(Clontech) , were hybridized at 68 «C in BxpressHyb solu- 
tion (Clontech) with probes labeled as described above. 
The probes used were PCRl, PCR2 , cDNA clone 1.3 (figure 
1), 3RA (1.6 kb cDNA specific for human integrin al tnRNA, 
a generous gift from E..E. Marcantonio (Columbia Univer- 
sity, New York), a 1.1 kb cDNA clone recognizing human 
G3PHD mRNA and a 1 . 8 kb cDNA clone recognizing human p- 
actin (both from Clontech) . 
^"WA ■eauPT.rina and sequence analysis 

All PCR fragments and cDNA clones were sequenced on 
both strands either manually (29) or using ABI 310 Gene- 
tic Analyzer automatic sequencer. Sequences were analyzed 
with the aid of MacVector™ 6.0, DNA Star, Faktura™NEW 
1.2.0, and Sequence Navigator 1.0.1 Boftware programs. 
A distance tree of all I -domain containing integrin a 
subunits was assembled using SEAVIBW and PHYLO-WIN soft- 
wares (41) . Percent similarity between every two members 
in the I-domain integrin subfamily was calculated by a 
formula I=(l-D)xl00, where "I" is identity and *D" is 
distance . 
Antibodies 

A polyclonal antiserum (all cyt> was produced 
against the peptide CRREPGLDPTPKVLB from the integrin all 
cytoplasmic domain. Peptide synthesis and conjugation to 
Keyhole limpet hemocyanin, immunization of rabbits and 
affinity purification was performed at Innovagen AB 
(Lund, Sweden) . The monoclonal antibody Mab 13 against 
integrin pi was obtained from S.K. Akiyama (NIEHS, NTH) . 
Monoclonal antibodies to integrin al (clone FB12, sold as 
MAB 1973) and integrin a2 (clone BHA2.1 sold as Mab 1998) 
were both obtained from Chemicon, Temecula, CA. The 
monoclonal antibody to vinculin (clone hVlN-1) was from 
Sigma (Saint Louis, MO, USA) . Secondary fluorescent 
antibodies (CY3™ -coupled goat-anti rabbit igQ and FITC- 
coupled goat anti-mouse IgG of multiple labeling grade) 
were from Jackson ImmunoResearch Laboratories, inc. (West 
Grove, PA, USA) . 
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50 triM NaCl, 1 mM MnCl a , 0,1% Triton X-100) and by 10 
column volumes of buffer A without NaCl . Bound proteins 
were eluted with 20 mM EDTA, 10 TriM Tris-HCl pH 7.4, 0.1* 
Tritpn X-100. Peak fractions were pooled and concentrated 
5 by immunoprecipitation with pi integrin and all integrin 
antibodies as described under Iramunoprecipitation and 
SDS-PAGE. Eluted f rat ions and captured proteins were 
analyzed on 7.5% SDS-PAGE gels followed by autoradiogra- 
phy- 

io indiKesfr ^TmmnggJ.uQ^ftgeng^ 

Cells cultured on coverslips were washed in serum- 
free medium and fixed for 8 min. in acetone at -20 °C. 
Non-specific binding sites were blocked by incubating 
with 10% goat serum diluted in phosphate buffered saline. 

15 In the double immunofluorescence staining protocol, pri- 
mary antibodies (anti-all cyt {rabbit antibody) and anti- 
vinculin (mouse antibody) ) were simultaneously incubated 
with fixed cells for 1.5. hours at +37«c. Specifically 
bound antibodies were detected using anti -rabbit Cy3 TgG 

20 and anti -mouse FITC IgG. Stained cells were mounted in 
Vectashield™ mounting medium (Vector Laboratories, Inc., 
Burlingame, CA, USA) and visualized and photographed 
under a Zeiss light microscipe equipped with optics for 
observing fluorescence. 

25 

freflHT/Tfl AMD DIfiCUSSIOK 

cDNA clon ing of a novel integrin g-chain 

in order to determine the nature of the integrin 
chain that we had previously characterized on human fetal 

30 muscle cells and named amt (38) , a number of approaches 

were used. Applying PGR with mRNA from fetal muscle cells 
as template together with degenerate primers to conserved 
regions of integrin a subunits (43) we attplified cDNA for 
al, a4, a5, a6 and av integrin chains (data not shown), 

35 but failed to an\plify the novel integrin. However, while 
searching through the literature we came across two inte- 
grin sequences obtained in a subtractive hybridization 
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protocol comparing human primary myoblasts with the rhab- 
domyosarcoma cell line RD (44) . After having confirmed 
that these sequences could be amplified by PCR from human 
. fetal G6 myoblast cDNA, PCR was performed assuming that 

5 these sequences were derived from the same transcript. 
In this manner a 1.4 kb cDNA fragment with integrin-like 
sequence was obtained. Screening of a human fetal myo- 
blast cDNA library and 5' RACE yielded additional 5' 
sequence. We determined the mRNA expression pattern in a 

10 number of human tissues (see below) and observed a high 

mRNA expression in the uterus. Screening of a uterus cDNA 
library resulted in the identification of the complete 
open reading frame. A schematic illustration of the 
cloning strategy is shown in figure 1. 

15 t-TTfj& Mmian ff n »"d «redirt-«ri »nino fl^ld sequence . Q* <*H 

By sequence analysis of cDNA clones and 5' RACE 
products we obtained a continuous sequence of 3983 
nucleotides <nt> composed of 90 nt 5' non-coding 
20 sequence. 3564 nt open reading frame, and 326 nt 3' non- 
coding sequence. Translation of the sequence predicts an 
integrin o- chain like precursor of 1188 amino acids 
including a 22 amino acid long signal peptide (fig. 2, 
GenBank accession No. AF137378) . The mature 1166 amino 
25 acid long peptide is larger than any other currently 

identified integrin a-chain (the closest being aE, com- 
posed of 1160 amino acids (45) . The 1115 amino acid long 
predicted extracellular domain contains 7 FG-GAP repeats 
in the amino -terminal end with an inserted I -domain 
30 between repeats 2 and 3 . The l-domain consists of 195 
amino acids and includes a conserved MIDAS motif. In 
addition to the metal chelating site in the I -domain, 
three additional potential divalent cation binding motifs 
with the consensus sequence DXD/NXDXXXD are present in 
35 repeats 5-7. A total of 20 cysteines are located in the 
extracellular domain. Of these, 16 are conserved in the 
most closely related integrin alO and <zl chains and they 
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may contribute to intramolecular disulphide bonds. The 
two non-conserved cysteines found at positions Cys 606 
and Cys 988 most likely represent free unpaired cysteines 
while the two non- conserved cysteines Cys 806 and Cys 817 
5 may pair to form a disulphide bond. Mapping of the cys- 
teines in the suggested p-propeller structure shows that 
the first three disulphide bonds are likely to stabilize 
blades one and two of the p-propeller whereas the re- 
maining bonds are found outside the propeller region, in 

10 the stalk region towards the transmembrane domain. 16 

potentional N-glycosylation sites are present in all* A 
search for sequence motifs reveals the presence of a 22 
amino acid leucine zipper motif starting at position 951 f 
and a 17 amino acid sequence starting at position 1082, 

15 which is similar to sequences found in G-protein coupled 
receptors. These sequences might represent funtional 
domains of importance for protein-protein interactions. 

The transmembrane region (amino acids 1142-1164) is 
23 amino acids long and is followed by a cytoplasmic tail 

20 of 24 amino acids. The cytoplasmic tail contains the 

sequence GFFRS instead of the conserved GFFKR sequence, 
found in all other a-chains except a8-a!0. It will be 
interesting to determine the importance of this sequence 
in defining the cytoplasmic domain as well as its pos- 

25 sible ability to bind calreticulin and other intra- 
cellular components. 

comparison of inteori n all chain with other intearin a 
chains 

Alignment of the predicted all integrin amino acid 
3 0 sequence with other integrin sequences shows the highest 
overall identity with alO (42% identity) , otl (37% iden- 
tity) , and a2 (35% identity) , followed by the remaining 
I -domain containing integrin subunits. Of the non 1- 
domain containing integrine, a4 and a9 are the most 
35 similar to all. A distance tree shows that alO and all 
form a separate branch from the most closely related al 
and a2 integrin chains (fig. 3). The similarity with 
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other integrin* is particularly high in the N-terminal 
other integrins *» lk reaion, Compan- 

B-prcpeller part but lower in the stalk * e 9 l °» * 
Ln of ol integrin with *2 integrin has pointed to the 
son of oi m«g in the B-propeller region 

presence of a 38-residue insert in the P P P 
of a i integrin chain (15). Like-l chsxn, axl 
tains inserted amino acids not present in the other 
!-domain containing integrin chains, however, in the all 
Chinese are found within the stalk region at a.ino 
actos *0 4 -B26. The exact border of the P^*™*" 

parameters chosen, but is predicted t °^ an t at ai ^ 6 a t ri " 
Lino acids. The insert shows no significant similarity 
ToLer integrin sequences and contains two ^ines 
likely to form a disulphide bond (see fig. 2) . We do not 
liKeiy co j^red inserted sequence represents 

'jZii -1*-* -I-.- — *- t'ri v* 

Inserted segu.nc .ar. found.in,the Dro.ophil. aP« 

a7. integrin chain, splicing in the.e*tr«cellula . 
between predi=te*.bl.des 2 and 3 in the 
nerates XI and X2 variant., affecting the binding to 
l. ni nin-l in a cell-.pecif ic manner (47, . In the jore 
clo.ely related «1 integrin chain the 38 extra amino 
acids are present in a position that is P""^ 
in the beginning of the *i*«> ° £ «*" l" !«ra 

propeller, so far there i. no evidence that the extra 
•lino acid, in either ai or 11 arise by '"r^.^ 
, aplicing. In all the predicted in..rt.d region is out.ide 
the S. p ;op.ll.r and most likely doe. not directly affect 
lig and binding, but might instead he involved ,n modi- 
fying protein-protein interaction, or be £ « ^ 
out.ld.-in or- ins*d«.out signalling.. In this -cegard it is 
, Interesting to- note . that tetraspar. pro^n. finding to 
the stalk region =f certain integrin i-chains-can recruit 
,1-4 kin... and protein kinase C to integrin complexes 
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(48) . Likewise the extracellular membrane -proximal parte 
of certain integrin d- chains have been shown to be in- 
volved in She-mediated integrin signalling (49) - 

Analysis of sequences identified during screening 
for genes upregulated during tadpole regression revealed 
a partial sequence, which at the time was reported to 
show the highest similarity to integrin al (41% identity) 
(50). This sequence, when translated (amino acids 1-116), 
shows 71% identity to human all and thus most likely 
represents the Xenopus orthologue of all rather than that 
of the al. These data suggest that all is well conserved 
during evolution. 

phrMnoMt w l local i gaMon of th* integrin ftll 96^ 

A fluorescent cDNA probe was used for in situ hybri- 
disation on metaphase chromosome spreads. The analysis 
shows that the integrin all gene (ITGA11) is located on 
chromosome lSq23 (fig. 4). The genes for I-doroain con- 
taining integrins al and a2 are both present on chromo- 
some 5 (51,52), just as the genes for the closely related 
p2 integrin associated a-chains all map to chromosome 16 
(53) . Interestingly, the all gene and the closely related 
al and a2 genes, map to different chromosomes. It will be 
of evolutionary interest to determine the chromosomal 
localization of the integrin alO gene. Curiously, a form 
of Bardet-Biedl syndrome characterized by retinitis 
pigmentosa. Polydactyly, obesity, hypogenitalism, mental 
retardation, and renal anomalies maps to l5q22-23 (54) . 
Future studies will clarify a possible linkage of ITGA11 
to Bardet-Biedl syndrome. 


Expression patter n of all niRNA: in adult tissues 

Northern blot analysis of mRNA from various adult 
human tissues shows the highest level of expression of 
all in adult human uterus. A strong signal is also noted 
in heart, while intermediate levels of all mRNA are pre- 
sent in skeletal muscle and intermediate to low levels in 
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other adult tissue, tested (fig. S and J**^' 
Tr a comparison, the same blot was probed for the close- 
ly related al integrin mRNA (fig- 5). A string differ^ 
I* , n expression levels of al and all was observed 

irth; s^'oth "sole rich uterus, which appear, .^ 
«l. Immunohi.tochemical analysis and in situ 
tions .ill elucidate the detailed distri * £ 
prc -tein and m*NA in muscle and other tissues. Neither al 
U3) nor a2 (55) are present in muscle fibers, and the 
distribution of aio in skeletal muscle tissues is not 
fcnown (5) . Hence, no I-domain containing integrin has so 
far been reported to be expressed in the skeletal muscle 
sarcolemma. Recently the gene for al integrin was inectx- 
vated in mice, resulting in mice with an apparently nor- 
mal phenotype (56). More careful analysis revealed a 
phenotype characterized by a hypocellular skin (57) and 
aberrant regulation of collagen synthesis (58) . It will 
be interesting to compare sites of overlapping ^-»« 
between al. a2 and aio integrins, and use reagents to «10 
and all to examine possible funcional compensatory mecha- 
nisms in al integrin-deficient mice. 
f1 ^v^^ a i c h*T*ct«riziti™ of fill protein 

Following the cloning of the full-length all inte- 
grin cDNA it was essential to determine if the predicted 
amino acid sequence was identical to the novel uncleaved 
Bl integrin-associated a-chain that we had previously 
noted to be upregulated during in vitro differentiation 
of human myoblasts (38) . To answer this question we 
raised antibodies to the cytoplasmic tail of the integrin 
> ail chain, immune-precipitation from the human satellite 
cells showed that the antibodies precipitated a 145 kDa 
all band associated with a US kDa Bl band (fig. 6. panel 
A) in SDS-PAGE under non-reducing conditions. Under re- 
ducing conditions the all band migrated as 155 kDa (see 
5 fig. 6. panel B) . Prom the translated amino acid sequence 
an Mr of 133 400 is predicted for the all chain. Taking 
the 16 potential glycosylate sites into account this 
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fits well with the observed 155 kDa band in SDS-PAGE. 
Under non-reducing conditions the 145 kDa band ie dis- 
tinctly larger than a2 (fig. 6, panel A) and alO integrin 
chains which co-migrate as 140 kDa bands and all migrates 
well below the 180 kDa integrin al band. The a2 (59) and 
alO (5) chains both contain 10 potentional glycosylation 
sites whereas al contains 26 glycosylation sites (60) - 
The intermediate size of all in SDS-PAGE compared with al 
and a2/a!0 iB thus most likely a result of differential 
glycosy 1 at ion . 

To show that all is associated with the pi subunit a 
two-step immunoprecipitation procedure was performed. 
Integrins were first precipitated with a monoclonal anti- 
pl integrin antibody and GatnmaBind G captured integrins 
were then dissociated by boiling in 1% SDS. In the second 
step, SDS was diluted tenfold and antibodies to all were 
added. As shown in fig- 6 panel A antibodies to all immu- 
noprecipitate only the 145 kba band from the dissociated 
precipitate initially captured with pi antibodies. 
Inductio n of all mRNA and protein during mvo^eni^ flif fie- 
r^iation in vitro 

It has previously been determined that amt is the 
major integrin a-chain that is up-regulated during 
myogenic differentiation on human fetal myoblasts in 
vitro (38) . To compare all levels in myoblasts and 
myotubes, immuno-precipitates were analyzed from myoblast 
cultures in pro- 1 if eration medium, and from parallel 
cultures allowed to differentiate and form myotubes in 
differentiation medium for 7 days. Immunoprecipitation 
with both pi and all antibodies showed that all, like 
amt, is strongly up-regulated at the protein level in 
differentiation cultures of human fetal muscle cells and 
satellite cells (fig. 6, panel B> . To determine if the 
up-regulation occurs at the mRNA or protein level we 
analyzed all mRNA from different differentiation stages 
(day 1, day 3 and day 7) (fig- 6, panel C) . Already at 
day 3 in differentiation medium a strong up-regulation of 
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«xi m*HA was noted, ^^l^^lf leased 
of all integrin protein occurs as a result o 
transcription or iriRNA. stability. Based on similar SDS- 
TZ Ration patterns, similar Savior under reducing 
conditions, association with Bl inte 3 rin £ 
regulation during in vitro differentiation of human fetal 
^blasts, the present data show that all integrin is 

identical with amt. . 
Analysis of mRNA from the two rhabdomyosarcoma cell 
RD and A204 (fig. 6, panel C) did not provide m - 
dence for the presence of ail in either 
on the observed up-regulation of allpl «i human fetal 
muscle cell, and the presence of all message in adult 
muscle we suggest that all integrin might be involved in 
early steps of muscle formation and that it in adult 
muscle tissues may fulfill a stabilizing role. Hie a7 
integrin subunit is a major P l -associated- integrin chain 
in JLal*. but, genetic deletion of a7 leads ..to a fairly 
mild muscular dystrophy. (30)». 

" so far identified I-domain containing .integrins of 
the 81 integrin subfamily all bind collagen* (5,15,59) . 
F or al and «2 this binding capacity has been shown to 
reside within the I-domain (17,18). To determine if allBl 
also binds collagen we performed collagen type I Sepha- 
rose chromatography of membrane proteins from *urface- 
iodinated XXVI satellite cells. Direct analysis of the 
BDTA eluate revealed weak bands corresponding to the 
positions of al, a2, all and Bl in parallel immunopre- 
oipitations (figur 7, panel 1). The EDTA eluate was 
concentrated by immunoprecipitation with Bl and all 
antibodies. As shown in figure 7. a prominent all band is 
present in the collagen I Sepharose eluate. The relative- 
ly weak Bl band, in the proteins captured with all anti- 
; bodies indicates, that the alipi heterodime*. partly disso- 
ciates in the presence of EDTA, To visual ize~ the inter- 
action of allBl integrin with collagen I in intact cells, 
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myogenic cello expressing «llpl were fcrypsinized and 
plated on collagen and fibronectin for 1 hour. The 
ability to form focal contacts was investigated by double 
immunofluorescence staining for oil-chain and vinculin. 
5 as seen in panel 2 of figure 7 all localizes to vinculin 
positive focal contacts on collagen but not on fibro- 
nectin. Binding studies with all I -domain expressed as a 
bacterial GST- fusion protein also confirmed a specific 
affinity for collagen I (unpublished M. H6dk, R. Rich, R. 

10 Owens) . Stable transections of all cDNA into cells with 
various integrin backgrounds will allow a more detailed 
study of aliPl interactions with different collagen, and 
possibly also laminin, isoforms. Combined with in vivo 
distribution studies of alipl this is likely to yield 

15 valuble information regarding the in vivo ligands for 
alipi in different tissues. 
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' ' V^T^" .rt^ o- the first - 

a 5' RACE product as well as a clone °«<- 
representa a 5 J^** pcR fragme nts 1-3 and a 

frWB Bcr eenxn g of the Of d with thick 

Sad fragment of a clone 1.3 X290 
lines. Names and positions of all the clones 
are shown in tabulated form in B. 

B Names of the PCR-amplif ied fragments and cDKA clones 

!hown are in the left column, and their P°« tiona j" n 

shown m a ricxht column- 

tbe full length CD** of intern «11 " ^J^. „ f 

fhr HlffllW inti i grlTl ITU SM I " underlined In bold, 

The putative .ignml peptide i> unaernne 

X-domain i. boxed, P«-tial N-lin*.d •"»" 
are marfcad with eet.ri.ics. cysteine, ere ™derlin«d. 
potential div.lent cation binding motifs »» *"*^ a 
underlined end the transmembrane domain i. 
Tt* aaahes. A « amino acid insert i. boxed in bold. 

;,; „.- , » | mr - — T ™T,mn 1M 

lrr-7- 1 " » M ""' ™n*«e r ,„. ta lM multiple 

A tree was assembled baaed using ClustalM multiple 

alignment - based SEAVIE* and PHYL0WI» softwares. A scale 

at the bottom showa percent identity. 

, , .If,, ^^"^^ ^u on human chromo- 
A Left panel shows the fish signa* 

acme », right panel shows the ££ £y 
stained with 4' , S -diamino-2-ph.nylindol« to ^entity 

Led oT. detailed analyse, of 1. different .mages. Each 
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dot represents the double PISH signals detected on human 
chromosome 15. 

^ a^ilt human tissues 
5 Integrin all tnRNA and integrin ol mRNA were analyzed 

on a membrane with RNA from various adult human tissues 
where mRNA loading was normalized with respect to p-actin. 
Probes used for hybridizations are marked on the left. 
Size of molecular weight standard iB marked to the right. 
10 Note that the p-actin probe reacts with 2 kb pVy act in 
transcripts and the muscle specific 1.8 kb o-actin mes- 
sage . 

fly.™ fi- Bl P ^ 0 m^ a i d| r ^triMf1nw of integrjn all 

15 4n myoge nic cells 

A. all associates with pi integrin chain. Human XXVI 
and G6 muscle cells were metabolically labeled with [ 3S S] 
cysteine/methionine and integrins were immunoprecipitated 
with the indicated antibodies (Pi, a2 and all)- Evidence 

20 for the association of integrin all with the Pi subunit 
obtained by treating proteins precipitated with anti-pi 
antibodies with SDS followed by a second precipitation 
with all antibodies (ant-all+SDS) . Precipitated proteins 
were resolved on 7.5% SDS-PAGB gels in the absence of 

25 reducing agents, followed by f luorography . 

B . Traduction of inte g er* «11 VP"" isogenic dif f Tftnt ifl- 

tjon in, v*t;rq. 

G6 muscle cells were metabolically labeled with ["S] 
cysteine/methionine when growing in proliferation medium 

30 (mb-proliferating myoblasts) and after 7 days in diffe- 
rentiation medium) (mt-myotubes) . Integrins were preci- 
pitated with antibodies to pi and all and the precipi- 
tates were resolved on 7 . 5% SDS-PAGE gels both under non- 
reducing (UNREDUCED) and reducing (REDUCED) conditions. 

35 Lanes 1, 3, 5 and 7 are imraunoprecipi tat ions with the 

antibody to integrin pi, and lanes 2, 4, S and 8 with the 
antibody to integrin all. 
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, 1 1 ii r i„r i "™ tn nfTprmtM- 

HYnqulB 1U growing 

-"VT T"= ,pt ordi££.re«l.tin 9 (d) editions 
" und "! P / 0 £T« % C W> ■ Total *«* was isolated 

5 T J"Ed Si* cell- FoUowing separation of » on 

from RD ana ccxib filter was 

ag.roae 9.1 — " th ' ^"°Vl> and glyce- 

hybridi.ed with probes to ail "•»"»J£" and gly 
rald.hyd.-3-pho.ph.te dehydrogenase CSAPDH) . i« 
10 oana. in ^standard (in Kb. ar. » the right. 

mni mr ' nf S^J.Sr *" 

■, MUM hinging inf r- iruy on mi 
XXVI cells ware surface iodinated and intagnns ware 
„ analysed by immunoprecipit.tion and collagen X serosa 
affinity chromatography. I-munoprecipitation reyea 
£ZZ of PX mtegrin. Clan. X,. .*! Ua^ 
(len. 3) and a2Pl (lane 41 at the surface of XXVI call.. 
EDTA elutad protein, bound to collar X Saphaxos. con- 
J0 tain weak band in the po.itlon of aX, axx, a2 and pi 
int.grin chain, (lane 5> . x-m^nopracipit.t^n. withPx 
ntegrin antibodies (l— .> and axx intern -tibodie. 
Qan. 7) confirm tha pre.ence of all and Pi m ">e ^fCK 

" ' ' '" ' indirect l-unokuo«.=ant visualisation of v.neul^n 
(R . b) and .IX inta 9 rin chain «c. » in human xxvx 
aatellite cell, aeaded on collagen type I (R ™ " 
fl^onactin « and D) . Hot. th. 1°""""- £ 
30 all chain to focal contact, of call, allowed 

collagen and it. complete ab.enc. on cells seeded on 
rinronectin. vinculin i. found in focal contact, on both 
.ub.«.t... X and C .how th. earn, cell double .tamed for 
both antigen.. Scale bar 1. 20pm, 
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CLAIMS 


1, 


1. a recombinant or isolated integrin subunit all 
5 comprising the amino acid sequence shown in SEQ ID No. 

or homologues or fragments thereof having similar bio- 
logical activity. 

2. A process of producing a recombinant integrin 
subunit all comprising the amino acid sequence shown in 

10 SEQ ID No. 1, or homologues or fragments thereof having 
similar biological activity, which process comprises the 
steps of 

a) isolating a polynucleotide comprising a nucleo- 
tide sequence coding for an integrin subunit all/ or 

15 homologues or fragments thereof having similar biological 
activity, 

b) constructing an expression vector comprising the 
isolated polynucleotide, 

c) transforming a host cell with said expression 

20 vector, 

d) culturing said transformed host cell in a culture 
medium under conditions suitable for expression of inte- 
grin subunit all, or homologues or fragments thereof hav- 
ing similar biological activity, in said transformed host 

25 cell, and, optionally, 

e) isolating the integrin subunit all, or homologues 
or fragments thereof having similar biological activity, 
from said transformed host cell or said culture medium. 

3. A process of providing an integrin subunit all, 
30 or homologues or fragments thereof having similar biolo- 
gical activity, whereby said subunit is isolated from a 
cell in which it is naturally present. 

4. An isolated polynucleotide comprising a nucleo- 
tide coding for an integrin subunit all, or for homolo- 

35 gues or fragments thereof, which polynucleotide comprises 
the nucleotide sequence shown in SEQ ID No. 1 or suitable 
parts thereof . 
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s. *n isolated polynucleotide or 
which hybridise, to a DNA or MIA ™<*™£^Z~- 
.ubunit an or hoaolcgue. or '"^"^Ili to 
in said polynucleotide or eligonucl "*£££" MbuBlt 
5 hybridise to a DBA or RHA encoding an integrin 

010 ' s a vector coding a polynucleotide or oligo- 

nuol - id. -u. ^j^^tr^^ 

l0 ^"."laTco^- the nucleotide seouenc. — - 
SEQ ».t -^r^rl-^-id. . ;r - 
cl eotide which hybridise, to a D «A or » 
Integrin subunit .11 or hooologues or ■ 

„ wherein said polynudeotide or ^ 
hybridise to a DWA or RKA encoding an integn 

1,10 ' , . A call =ont*inin,.th. ~eter »* 

one of claimed an* -7. 


which a ^ynucleotida^oligonucleotide coding for an 
Stearin subunit all. or homologuee or fr.gm.nt. there 
rSicH pdynucleotide or ^^^PaT ther" 
nucleotide sequence shown m SEQ * * °" ** 

26 of , has been stably ^^n^i 
10 . Binding entities having the capaDin y 
•no specifically to integrin suhunit all comprising the 
in g specifically a homologies or 

amino acid sequence of SEQ ID no. 

fragments thereof. which 
n Binding entities according to claim x«, 

- .re ^^rZ^^^^' 
— aHnd ^of^U... and fronts 

36 ^ ! A recombinant or isolated intern ->--^ 
arising a subunit ell an* a subunit p. in which th. 
comprising a = ,_i n o acid sequence shown in 

subunit all comprises the amino acia ee«j 
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sbQ ID No. 1 or homologues or fragments thereof having 
similar biological activity. 

13 A recombinant or isolated integrin heterodimer 
according to claim 12, wherein the subunit P is pi. 
5 14. A process of producing a recombinant integrin 

heterodimer comprising a subunit all and a subunit P, in 
which the subunit all comprises the amino acid sequence 
shown in SEQ ID No. 1 or homologies or fragments thereof, 
which process comprises the steps of 
10 a> isolating one polynucleotide comprising a nucleo- 

tide sequence coding for a subunit all of an integrm 
heterodimer and, optionally, another polynucleotide com- 
prising a nucleotide sequence coding for a subunit p of 
an integrin heterodimer, or polynucleotides or oligo- 
15 nucleotide, coding for homologue. or fragments thereof 
having similar biological activity, 

b) constructing an expression vector comprising 
said isolated polynucleotide coding for said subunit all 
optionally in combination with an expreesion vector com- 

20 prising said isolated nucleotide coding for eaid sub- 
unit P, 

c) transforming a host cell with said expression 

vector or vectors, 

d) culturing said transformed host cell in a culture 
25 medium under conditions suitable for expression of an 

integrin heterodimer comprising a subunit all and a sub- 
unit P, or homologues or fragments thereof having similar 
biological activity, in said transformed host cell, and, 
optionally, 

30 e) isolating the integrin heterodimer comprising a 

subunit all and a subunit p, or homologues or fragments 
thereof having similar biological activity, or the all 
B ubunit thereof from said transformed host cell or said 
culture medium, 

35 15. A process of providing an integrin heterodimer 

comprising a subunit all and a subunit p, or homologues 
or fragments thereof having similar biological activity, 
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whereby said integrin heterodimer is isolated from a cell 
in which it is naturally present. 

16. A cell containing a first vector, said first 
vector comprising a polynucleotide or oligonucleotide 
5 coding for a eubunit all of an integrin heterodimer , or 
5 coding thftr . 0 f having similar biological 

for horoologues or parts thereor navmg 
activity, which polynucleotide or oligonucleotxde com- 
prises the nucleotide sequence shown in SEQ ID Ho. X or 
ports thereof, and a second vector, said second vector 
10 comprising a polynucleotide or oligonucleotide ocd±£*~ 
a eubunit P of an integrin heterodimer, or for homology* 
or fragments thereof. 

17. Binding entities having the capability of bind- 
ing specifically to the integrin heterodimer comprising 

15 a eubunit «10 and a subunit P , or to homologues or frag- 
ments thereof, or a eubunit all thereof, having similar 

biological activity. 

18. Binding entities according to claim 17, wherein 

the Bubunit p is pi . 
20 19. Binding entities according to claim 17 or 18, 

which are chosen among the group comprising proteins, 
peptides, carbohydrates, lipids, natural integrin bind- 
ing ligands, and fragments thereof. 

20. A fragment of the integrin subunit all, which 
25 fragment is a peptide chosen from the group comprising 

peptides of the cytoplasmic domain, the l-domain and the 
extracellular extension region. 

21. A fragment according to claim 20, which is a 
peptide comprising the amino acid sequence 

30 KLGFFRSARRRREPGLDPTPKVLB. 

22. A fragment according to claim 20, which com- 
prises the amino acid sequence from about amino acid 
No 804 to about amino acid no. 826 of SEQ ID No. 1. 

23. A fragment according to claim 20, which is a 
35 peptide comprising the amino acid sequence from about 

amino acid No. 159 to about amino acid no. 355 of 
SEQ ID NO. 1. 
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24 . A method of producing a fragment of the integrin 
subunit all as defined in any one of claims 2 0-23, which 
method comprises a sequential addition of amino acids 
containing protective groups. 
5 25. A polynucleotide or oligonucleotide coding for 

a fragment of the integrin subunit all as defined in any 
one of claims 20-23, 

26, Binding entities having the capability of bind- 
ing specifically to a fragment of the human integrin sub- 

10 unit all as defined in any one of claims 20-23. 

27, Binding entities according to claim 26, which 
are chosen from the group comprising proteins, peptides, 
carbohydrates, lipids, natural integrin binding ligands, 
and fragments thereof. 

15 28. A process of using an integrin subunit all com- 

prising the amino acid sequence shown in SEQ ID No.l or 
an integrin heterodimer comprising said subunit all and a 
subunit P # or a homologue or fragment of said integrin or 
subunit having similar biological activity, as a marker 

20 or target molecule of cells or tissues expressing said 
integrin subunit all, which cells or tissues are of 
animal including human origin. 

29. A process according to claim 28 r whereby said 
fragment is a peptide chosen from the group comprising 

25 peptides of the cytoplasmic domain, the I -domain and the 
extracellular extension region. 

30. A process according to claim 29, whereby said 
fragment is a peptide comprising the amino acid sequence 
KLGFFRSARRRREPGLDPTPKVLE . 

30 31 * A process according to claim 29, whereby said 

fragment comprises the amino acid sequence from about 
amino acid no. 604 to about amino acid no. 826 of 
SEQ ID No. 1. 

32. A process according to claim 29, whereby said 

35 fragment comprises the amino acid sequence from about 
amino acid no. 159 to about amino acid no. 355 of 
SEQ ZD No. 1. 
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33. A process according to claim 28, whereby the 

Vprccese according to claim ... whereby said 
..lis a » chosen from the group comprising muscle cell-. 
5 35 A process according to any one of claims 2m-**. 

which process is used during pathological conditions 
involving said subunit all- 

36. A process according to claim 35, which patho- 
logical conditions comprise damag. of muscles 
10 37. A process of using binding entities having the 

capability of binding specifically to an ^™»J^* 
all comprising the amino acid sequence shown on 
No 1 or an integrin heterodimer comprising said subunit 
all and a subunit p, or to homologues or fragments there- 
» of having similar biological activity, as markers or 
target molecules of cells or tissues expressing said 
integrin subunit all, which cells or tissues are of 
animal including human origin. 

38 A process. according to claim JJ7, whereby said 
20 fragment is.-a peptide chosen, from the-group comprising 

peptides of the cytoplasmic domain, the l-dcmain and the 
extracellular extension region- 

39 A process according to claim 37, whereby said 
fragment is a peptide comprising the ami*o acid sequence 

25 KLGFFRSARRRREPGLDPTPKVLE . 

40. A process according to claim 37, whereby said 
fragment comprises the amino acid sequence from about 
amino acid no. 804 to about amino acid no. B26 of 
SEQ ID NO. 1. 

30 41. A process according to claim 37, whereby said 

fragment comprises the atnino acid sequence from about 
amino acid no. 159 to about amino acid No. 355 of 

SEQ ID No. 1. , _ 

42. A process according to claim 37, whereby the 

35 subunit P is pi. 

4 3 A process -according-, to any one of claims 37-42 , 
which is a process for detecting the presence of an inte- 


Ink. t. Patent- ocli reo.verlcet 
1999 -06- 0 3 

Huvudfaxen Kossan 


40 

grin subunit all comprising the amino acid sequence shown 
in SEQ ID No. or of an integrin heterodimer comprising 
said subunit alO and a subunit or of homologues or 
fragments thereof having similar biological activity. 
5 44 . A process for detecting the presence of an inte- 

grin subunit all, or of a hotnologue or fragment of said 
integrin subunit having similar biological activity, on 
cells, whereby a polynucleotide or oligonucleotide chosen 
from the group comprising a polynucleotide or oligo- 
10 nucleotide shown in SEQ ID No. 1 is used as a marker 

under hybridisation conditions wherein said polynucleo- 
tide or oligonucleotide fails to hybridise to a DNA or 
RNA encoding an integrin subunit alO > 

45. A process according to claim 44, whereby said 
15 cells are chosen from the group comprising muscle cells. 

46. A process according to claim 44, whereby said 
fragment is a peptide chosen from the group comprising 
peptides of the cytoplasmic domain, the I -domain and the 
extracellular extension region. 

20 47. a process according to claim 46, whereby said 

fragment is a peptide comprising the amino acid sequence 

KLGFFRSARRRREPGLDPTPKVLE . 

46. A process according to claim 46, whereby said 

fragment comprises the amino acid sequence from about 
25 amino acid No. 804 to about amino acid no. 82 6 of 

SEQ ID No. 1. 

49. A process according to claim 46, whereby said 
fragment comprises the amino acid sequence from about 
amino acid No. 159 to about amino acid No. 355 of 

30 SEQ ID No. 1. 

50. A process according to any one of claims 37-42, 
which is a process for determining the differentiation- 
state of cells during development, in pathological condi- 
tions, in tissue regeneration or in therapeutic and phy*- 

35 siological reparation of tissues, involving the integrin 
subunit all. 
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.1. A process acceding to claim SO, whereby said 
cells are chosen fro. the group comprising muscle cells. 

52 A process for determining the differentiation- 
state of cells during development, in pathological, con- 
S ditions, in tissue regeneration and in thera P eu,^ 
physiological reparation of ti~**«^ 
nucleotide or oligonucleotide comprised within the 
nucleotide seance shown in SBQ ID *>. 1 is . 
roa r,cer under hybridisation conditions w ™ "^/f^ 
10 nucleotide or oligonucleotide fails to hybridise to a DMA 
or SNA encoding an integrin subunit olO. 

53. A process according to claim 52, whereby said 
polynucleotide or oligonucleotide is a polynucleotide or 
oligonucleotide coding for a peptide chosen from the 
X5 group comprising peptides of the cytoplasmic domain, the 
I-domain and the extracellular extension region. 

54 A process according to claim 53, whereby said 
polynucleotide or oligonucleotide ,is a i* 1 ^ 1 ^**^ 
oligonucleotide coding for a .peptide comprising. -the amino 
20 acid sequence KUSFFRS ARRRREPGLDPTPKVLS . 

55. A pr.ocess.according .to claim 53, whereby said 
peptide comprises the amino acid sequence from about 
LLo acid no. 804 to about amino acid no. 826 of SEQ ID 

N °' 1 g 6 A proce8S according to claim 53, whereby said 
peptide comprises the amino acid sequence from about 
amino acid no. 159 to about amino acid no. 355 of 

SBQ ID No. 1. * 
57 A process according to claim 53 , whereby said 
30 pathological conditions are any pathological conditions 
involving the integrin subunit oil. 

58. A process according to any one of claims 52-57, 
whereby said cells are chosen from the group comprising 

muscle cells. 

59. A pharmaceutical composition comprising -as an 
active ingredient a pharmaceutical agent or an antibody 
which is capable of using an integrin heterodimer corn- 


No. l 

25 
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10 


15 


20 


25 


30 


prising a subunit all and a subunit 0. or the Bubunit all 
thereof, or a homologue or fragment of said integrin or 
subunit all having similar biological activity, as a 
target molecule. 

60. A vaccine comprising as an active ingredient an 
integrin heterodimer comprising a subunit all and a sub- 
unit P, or the subunit all thereof, or a hotnologue or 
fragment of said integrin or subunit all, or DNA or RNA 
coding for said integrin subunit all. 

61. A method of using binding entities having the 
capability of binding specifically to an integrin subunit 
all comprising the amino acid sequence shown in SEQ ID 
No. 1 or an integrin heterodimer comprising said subunit 
all and a subunit p, or to homologue s or fragments there- 
of having similar biological activity, for promoting 
adhesion of cells. 

62. Use of an integrin heterodimer comprising an 
integrin subunit all and a subunit p, or the subunit all 
thereof, or a homologue or fragment of said integrin or 
subunit all having similar biological activity, as a 
target for ant i- adhesive drugs or molecules in tissues 
where adhesion impairs the function of the tissue. 

63. A method of in vitro detecting the presence of 
integrin binding entities , comprising interaction of an 
integrin heterodimer comprising a subunit all and a sub- 
unit p, or the subunit all thereof, or a homologue or 
fragment of said integrin or subunit, with a sample, 
thereby causing said integrin, subunit all, or homologue 
or fragment thereof having similar biological activity, 
to modulate the binding to its natural ligand or other 
integrin binding proteins present in said sample. 

64. A method of in vitro studying consequences of 
the interaction of a human heterodimer integrin compris- 
ing a subunit all and a subunit P, or the subunit all 
thereof, or a homologue or fragment of said integrin or 
subunit, with an integrin binding entity and thereby 
initiate a cellular reaction. 
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65. A method according to claim 64, whereby the con- 
aequencee of said interactions are measured as altera- 
tions in cellular functions. 

66. A method of using a DNA • or RNA encoding an inte- 
5 grin eubunit all or homologue* or fragments thereof as 

a target molecule. 

67. A method according to claim 66, whereby a poly- 
nucleotide or oligonucleotide hybridises to the DNA or 
rha encoding an integrin subunit all or homologue. or 

10 fragments thereof and whereby said polynucleotide or olx- 
gonucleotide fails to hybridise to a DNA or RNA encoding 
en integrin subunit aiO. 

68. A pharmaceutical composition comprising as an 
active ingredient a pharmaceutical agent or an antibody 

15 which is capable of stimulating cell surface expression 
or activation of an integrin heterodimer comprising a 
subunit all and a subunit P, or the subunit all thereof, 
or a homologue or fragment of said integrin or subunit 
all having similar biological activity.- 
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SEQUENCE LISTING 

<1) GENERAL INFORMATION: 

(i) NUMBER OF SEQUENCES: 1 

(2) INFORMATION FOR SEQ ID NO. 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3983 base pairs 

(B) TYPE: nucleic acid and amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY 5 linear 

(ii) MOLECULAR TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(E) ORGANISM: human 

(F) CELLTYPE: Myoblast 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 1: 

GW^lCS^KCGCGCCGAGSAGGCTGcrf^TCTGCCTTCCCAGTCCCCCGCCGCCGCTGC 

C^OTCCGGCXKXKSCTCCTCCtt^ 

ACACCGC^CCAGCCGCCGTGCCGCKGC^^ ^ 
61 TGTGGCCTGGGTCCGC^^ 

TGGGCGCTCAGCCTGTGGCCAGGGTTCACGGACACOT 

12 i + + + * 160 

ACCCGCGAGTCGGACACCGGTCCCAAGTGOCTGTGGAAGTTGTACCTGTGGTCCTTCGGG 

a WALSLWPGFTDT F W M D T R K P 

CGGGTCATCCCTGGCTCCAGGACCGCCTXCTTTGGCTACACftGTGCAGCAGCAOGACATC 

* + + + + 240 

GCCCAGTAGGGftCCGAGGTCCTGGCGGAAGAAACCGfcTGWT CACGTCGTCGT6CTGTAG 

a AVI ? 6 S RTAFFGYTVQQH D I 

AGTGGCAATW^TGGCTGGTCGTGGGCGCCCCACT^ 

241 -+..— + + — — + 300 

TCACCGTTATTCACCGACCAGCACCCGCGGGGTGACCTTTGGTTACCGATGGTCTTCTGC 

a SGNRWLVVGAPLKTWGYQKT 

GGAGACGTGTACAMTGTCCAGTGATCCACGGGA^ ^ 

301 CCTCTGC^TOTCACAGGTCACTAGGTGCCCTTGACGTM 

a gdvykcfvimg«ctklwlgr - 

GTC^CCMTCCRACGTGTCOGAGCGGAAAGACAACATGCGCCTCGGCCTTAGTCTCGCC 
CAGTGGGACAGGTTGCACAGGCTCGCCTTTCTGTTGTACGOGGAGCCGGAATCAGAGCGG 
a VTL3NVSERK0HMRLQL3LA - 

ACCAMXJCCAAGGACAACAGCTTCM 
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ssyYT T«MCS»V»8HFRFSK 

1ccgtg«cccag«<^^ 60 o 

t V * * A t 0 * C Q T * M D I V I V * » - 

ggctcci^ac*a.ct*cccct^ eeo 

aasttttacawg^ccagggcagatc^^ 720 
" l ttcaaaatotaakggctcccgtctatotcga^ 

KFY I 6 FG0.IQVGVV0YG£DV - 
.^TGIKTTTCACCTCAACGACTAC*^^ 7gQ 

.VHE,FHLMDVR 8VKD VVEAAS - 
HIEQ RSG TETBTAFSlBrAR - 

tcagagcctttccagaasggtggaaggaaaggawcaasamgtcat 9oq 

SER rQKGGRKGAKKVKlVIT - 

««aoMM*eecaic«awccc^ 960 

901 CTACCCCTCAGGCTOCTCTCGfiOTCTCQACCTCWTC 

AACGTAACAAGATATGCGGTGGCC6TCCTGGGCTACTACAACCGCAG ^ 
961 TTG^CTGTTCTATACGCCACCGGCAGGACCWATGATOTT 

KVTRYAVAV1.GYYW11RGIB* " 
GAAACTTITCTAAATGAAATCAAAtAaTMCCAGTGM ^ 
1021 ciwGAAAAGATWA^IACTiTATGTAGTOC 

AATCTCACrGATGAGGCTGCCTTGA^ ^ 
1081 i5Sw»CTikCTC« 
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TCGGACCTTCCGTC 


1141 _ ----^^CTTGtTCTTGCTCTGG*6GAAACCOSACCTCTACASTSTCICCC0G 


„TTCCTCGCACGT<K*^«T^GTra^ ^ 
1201 '^^WG^llln^ 


r 9 


SHVVBDSVLLCAV6AVDW - 


AATGGAGCTGTTCTAAAGGAGACGAOTSCra^ 1320 

1261 S«So«Se5aTira 

NGAVLKBTSACKVIPLRESY - 

CTOUttGAGTTCCCCGAGGAGCTCAI^ ^ 
" 2l »cwra^GGWrac£cGA^CWGOTAC^ 

iKBrPEaLKNHGAYLGYTVT - 

TCGOTCCTGTCCTCCAGGCAGGGGCGAG^ACGTGGCCC^ 

1381 J^CCAGCMAGGAQGTCCGICCCCK 

SVVSS»Qa*VYVAaAP»FNH - 

aCSGeCftAGGTCATCCTGTTCACCAK^ 15fl0 
1441 TCCCCGTTC WTAG^CAMTGGt ACGTGTTGTTGGCCTCGGAGTGGIAGGTGeTCCGA 

TGKVILFTMHNSR3LTXHQA - 
aTGCGGGGCCAGCAGATAGGCTCTTACTTTGGGAGTflAAATCACCTCGGTGQACM 

1501 TAMCCCCGGTCCTCTATWGAGAATGAARCCCTCACT 

MRGQQlGfiYrGSElTSVDID - 

GOCGACGGMTGAClGATGTCCTGCTGGTGGGreCACCCATGTACTTCAACGAGGGCOGT ^ 

1561 ccs^ccgcactw^aSggmgacc^^ 

COGVT»VLLVGAFMYTNEGR 
GAGCGAGGCAAGGTGTACGTCTATOAGCTGAGACAGAACCGGTT^ ^^^^ 

1621 CTCGCTrcGrcCCAttTGCA^TOTCGACICT 

EBGXVYVTfBl-RQHRFVYUGT - 

CC 

— + 1740 


CTAAAGGATTCACACAG«ACCa«^TGOCCGATTTGG«TCCTCCATTGCCXCAGTTCGA 


GATTTCCTJ*GTGTGTCW«GGTCTIAC^ 

LKDSHSYQUARFGSSXASVR - 

GACCI C AACCAGGATTCCTACAATGACGTGGTGGTGGG AGCCCCCCTGGAGGACAACCM 

-4- -t — — - — — + + loon 

CTGGAGTTGGTCCTAAGGATGTTACTGCMCACCArc 

PX.NODSYNDVVVGAPLBDNB - 
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HWU fe n A^^ACMCTTC«CGGCTTCa^GCM 18 60 

1601 ^SS^^^^ 

A B A X Y I r H • F R G I I L K * * * Q " 

1861 --r^™;^ 

B X T A 3 E L A T S L Q V F G C S I H 6 - 
C^WGGACCTCAATGAGGATGMC^^ 1980 

1921 ^r c ^^««^^^ cMT ^ cCT ^ MCTT ^ 

ctgattctgtggtcccg<wcactggttcagatcaatgccagcctccm 2040 

1981 'c£££££££££^^ 


V I I. 


WSUPVVQINASLHFEPS - 


a 


^TCIUCATCTTCCACAGAG^ 2100 

2041 

KlM IFHRDCK*$8»»*' rCLA " 

gccttcctctgcttcacgcccatcixcctggcrccccatttcca^caacarctctcqsc 2i6q 
2101 S^SSSSiS^^ii^^ 


A F 1- C 


2161 


rTPlTLAPHF QTTTVC 

ITG6ATGAGAGCCGGTATAC 
TAGTCTATCTTGCGCTGCTWCTAWCTCC^^TATGTGGCTCCC^TGGACCTGCTC 


AT<yUSATACAACGCCACCATG6ATGAGACWGCTATACACOT ^ 


I R Y 


NATMDERRY**** 111 ' 0 * - 


«CG«iMCC»TiaCCl^^ 2280 
2221 CCGWCCTCGCTAA^GGrtGTCTCfiattTGACG^G^^ 
B GSDRFTMRAVLLSSGQELCE - 

CGGMO«CTTC«KTC^ „«, 
2281 ~ _+ ~~"~caaGWCTGTGA^ACXWTCCACTTCGGTCACTG0AB6AGTCAS 


a R 


gcctrgttgaaggtacs 

JWPHVLOTADYVKPVTFBV 


2341 + """"--Ts^^CTM^a^ACGACCT<KrrCK:C<^G(WG<M^ 


CrCATAAGGGACCTCCTG 
a t 

1R VSVPrWWGCNE DE HCVPD - 


YSLEDPDHGPMLDDGWPTT 


2461 
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LVLDAKSDLFTAKEYCQRVL 

AGGAAGCCTGCGCACGACTGCTCCGCATACAO^IG^ 

2521 +. + + + *" + + 2580 

TCCTTCGGACGCGTCCTGACGAGGCGTATGTGCGACAGGAAGCTGTGGTGTCAGAAGTAG 

RKPAQDCSAYTLSFDTTVPI 

A*AC*GAGCACWaXX^C«GTK^ ... 

2561 + ♦ ' ♦ * + ~' + + 2640 

TATCTCTCGTGTGCGGTCGCTCACCGCCftCCTCCGGTGTGACCTCMGTCCCCGCTCTTO 

IE ST RQRVAVEATLENRGEH 

GCCTACAGTACGCTCCTAAATATCTCGCAGXCAGCAAACCTGCAGTTTGCCACSCTTGATC 

2641 + + + + + + 2700 

CGGATGTCATGCCAGGATTTATAGAGCGTCA9TCGTTTGGACGTCAAACGGTCGAACTAG 


AYSrVLNISQSAMLQFASLl 

OUSWySGAGGACTCAGACGGTAGCATTGAGTO^ 

2701 + + + + + + 2760 

GrCTTCCTCCTGAGTCTGCCATCGTAACTCACACACTTGCTCCTCTCCTCCGAGCTCTTC 

QKED3DGSXECVNEERRLQK 

CAAGTCTGCAACGTCAGCTATCCCTTCTTCCGGGCCAAGGCCAAGGTGGCJTTCCGTCTT 

27 61 + "+ + + + + 2920 

CTTCAGACGTTGCAGTCGATAGGGAAGAAGGCCCGGTTCCGGTTCCACCGAAAGGCAGAA 

QVCNVSYPFFRAKAKVAFRL 

GATTCCGAGTTCAGCAAATCCATCTTCCTACACCACCTGGAGATCGAGCTCGCTGCAOGC 

2S21 + + H + + + 2BB0 

CTAAGGC1CAAGTCGTTTAGGXAGAAGCATGTGGTGGACCTCTAGCXCGAGCGACGTCCG 

D5EFSK5I FLHHLEIBLAAG 

AGTGACAGTAATGAGCGGGACAGCACCAAGGAAGACAACGTGGCCCCCTTACGCTTCCAC 

2861 . + 1 — + + -i- 2940 

TCACTCTCATTACTCGCCCTGTCGTGGTTCCTTCTGTTGCACCGGGGGAATGCGAAGCTG 

sdswerdstjcbdnvaplrfh 
ctcaaatacgaggctgacgtcctcttcaccaggagcagcagccxgagccactacgaggtc 

29fll — +— — - — — +- + + * 3000 

gagtttatgctccgactgcaggagaagtggtcctcgtcgtcggactcggtgatgctccag 

lkyeadvjuftrsaslshyev 

aagctcaacagctcgctggagagatacgatggtatcgggcctcc^ 

3001 - — +—--——+,„ +— — — --+-— — -« — 3060 

TTCGAGTTGO'CGAGCGACCTCTCTATOCrA^ 

KLNSSLERYDGIGPPFSCIF 

ASGATCXAGAACT7GGGCTTGTTCCCCATCCACGGGATGATGA70AAGATCACCATTCCC 

3061 + + + + ♦ : + 3120 

TCCTAGGTCTTGAACCCGAACAAGGGGTAGGTGCCCTACTACTACTTCTAGTGGTAAGGG 

RIQNLGLFPIHGMMMKITIP 

ATCGCCACCAGGAGCGGCAACCGCCTACTCAAGCTGAGGGACTTCCTCACGGACGAGGCG 

3121 + + + ♦ + + 3160 

TAGCGOTGGTCCTCGCCGTTGGCGGATGACTTCGACTCCCTGAAGGAGTGCCTGCTCCGC 
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AACACOTCCTGTAACAT CTSGGGCAAT ASttCTOROTACCMCCCATCCCAOTGGRSa^ ^ 

3181 ttctgcmgawotgtasrkccgw&tcgtcactw 

NTSCHlWQHSTEyRSTPVKE - 
GJVCTTSCGT CGTGCTCCACAfiCTGRATCRCWSCMCTCTO*TCTMTCTC»IC^CTGC ^ 
" 41 ^CGCAGCAWAGGTCMGA^^ 


□ L R 


RAPQLKHSMSDVVSINC 


AATATACCSOCT^CCCCAACCAG^^ }](0 

3301 ^ZZwxum 

3361 SSSinioeiiiw^ 

RS LKALK*KSMKIKVMAALQ - 

WWCAfiTTCXACAGCCCCTCCAT^^ ^ 
3421 ^^^AAGGTCTCGGGgIa^AGAA^G^ 

SAGRTCTCCAWSCA*GA*^^ 3540 
3481 ^££££oWWTT«CCTra 

B I S K 0 B 0 W Q V P I » "I I V 6 S T L 

owwwcCTCCTJ«ecw«KrCTO«aw^ 3600 
3541 cccccgg^^gacgIccg^^ 

6GLLLLALiVl»Al.RKl-S rrR - 
ACTGCCAG(MGC*GGAGa^CTGGTCTGGACCCCACTC 

3M1 SS5STOTCCTOrtB«M 

SATlBRRIPGIiDPTPKVLB* 

TCCAGA05AGACTTT<^TGATGGGGGCCAWACAC^^ 312Q 

3M1 JysgTCTCCTCTCAAACTCAACTA^CCCCC^ 

a«kxtgtggccccaccgagct<«agw 37fl0 

3721 ICCGGACACMGGGTGGCTCGACCTTOCCTCTCCTTCGGTCQACCGAA 

CATCTCCCGAGCAATGGCGCCTGCTCCCTCCAG^TGGAACT^ 
3781 GTASAGGGCTCQTTACCCCS^ 

ftftCTCCCT ACTGGGAEACT CKGACACCTTTACACAGACCCCT ACG<yCr TTAAAGGGACAC 


+ T T 3900 

3841 TCGAMGATGACCCTCTGACCCTCTCGAAATGTGTCTGBGGATCCCTAAATTTCCCTGTG 
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CCCTACACACRCCXJa^CO«»CCIAGGCCTCCCTC^ 

--—-——-+-----— + ** — +- + 3560 

^^^OTGTOTS<WC^G«GCCGTTCCGGAGGSXSTCCOAfiACACCT^ 

GCOCCACCTACTAMCTOCTAGS 

3961 + *— 39B3 

CGCCCTCCATOATTCCACGATCC 
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A r«o,*inant or i.d.ted intearin t 
M ,. lrs a no v«l .ubunit all in ...°=iation with . eubu^t 
^ dieted. The intern or the all can b . 

intearin or aubunit all «>""' ^."peutic -.hod., 
target in different phyaiological or therapeu 
£y can 1» be used a, active in 9 redienta In phar*. 
ceutical compositions and vaccinae. 
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